contrasts and that there is an apparent reorganization of this universal phonetic sensitivity as a result of their having learned a particular language.
This hypothesis that there is a specialized mode of speech processing in humans has been challenged by research demonstrating that certain nonhuman primates and animals also exhibit CP for human speech (Dooling, Best, & Brown, 1995; Kluender, Diehl, & Killeen, 1987; Kuhl, 1981 Kuhl, , 1987 Kuhl & Miller, 1975 Kuhl & Padden, 1982 Ramus, Hauser, Miller, Morris, & Mehler, 2000) . In light of these findings, the hypothesis was changed to state that discrimination abilities for the processing of speech stimuli were a result of general auditory processing, rather than of a processing that had evolved specifically in humans for speech (Aslin & Pisoni, 1980; Jusczyk, 1997) .
Additional research has led to further refinement of the processing involved in CP, since CP has been shown for nonlinguistic auditory and visual stimuli, such as sawtooth waves ( plucking and bowing sounds; Jusczyk, Rosner, Cutting, Foard, & Smith, 1977) , pure tones (Pisoni, 1977) , line length (Tajfel & Wilkes, 1963) , faces (Beale & Keil, 1995) , facial expressions (Calder, Young, Perrett, Etcoff, & Rowland, 1996; Etcoff & Magee, 1992; Young et al., 1997) , facial actions (Campbell, Woll, Benson, & Wallace, 1999) , faces of different species (Campbell, Pascalis, Coleman, Wallace, & Benson, 1997) , and colors (Bornstein & Korda, 1984; Boynton, Fargo, Olson, & Smallman, 1989; Laws, Davies, & Andrews, 1995; Özgen & Davies, 2002; Pilling, Wiggett, Özgen, & Davies, 2003; Roberson, Davies, & Davidoff, 2000) . In consideration of these findings, the current view is that the phonetic processing and categorization of speech is a result of domain-general processing common to perceptual systems (Kuhl, 2000) . Thus, there is nothing specialized about the processing involved in CP for speech (i.e., language).
The nature of the processing involved in CP for linguistic stimuli remains an unresolved dilemma, however, since the general perceptual processing alternative fails to account for the fact that there are clear effects of linguistic experience on CP. Whereas infants perceive a wide range of phonetic contrasts in a categorical manner, adults perceive only those contrasts that are linguistically significant in their language. This type of differential CP is not true of other modalities (vision) or of the processing of nonlinguistic auditory stimuli. The question, "Is CP for language special?" resurfaces once again, although answering this question has been problematic, since "language" has primarily been studied using only speech. The argument for speech being special is that the processing underlying CP relies on phonetic representations of the sounds, as evidenced by language-specific CP speech effects, rather than on general auditory representations for the sounds, which would result in CP effects for all speech sounds, regardless of their phonemic status in the speaker's language. The confound that has arisen from using speech to study CP effects in language is that the auditory versus phonetic distinction for the processes driving linguistic CP has not been able to be teased apart experimentally, and contemporary science has been unable to adjudicate between the phonetic representation hypothesis and the general auditory representation hypothesis.
In an attempt to avoid the auditory versus phonetic confound for linguistic stimuli, researchers have turned to studying a visual language, American Sign Language (ASL). If the processing of visual stimuli is based solely on general perceptual processing, experience with a signed language should be of no consequence for CP. That is to say, both people who have experience with sign language and people who have no experience with a signed language should exhibit CP effects for signed language contrasts, since everyone would have had experience with visual stimuli in general. Alternatively, linguistic experience could affect the processing of signed language contrasts by constraining perception on the basis of linguistic relevance. Thus, only those individuals who have had experience with a signed language should exhibit CP for the contrasts. This would mean that CP, although not unique to speech, involves a unique interplay between linguistic and perceptual systems, since only those individuals with linguistic experience would have CP for visual linguistic contrasts.
The CP literature on signed language, however, provides conflicting results about the effect of linguistic experience with ASL. Supalla and Newport (1975; reported in Newport, 1982) investigated the phonetic parameters of location and handshape 1 in ASL by varying one feature of a sign (place of articulation or handshape) along a continuum, while keeping all other features of the sign (e.g., facial expression and posture of the head) constant. Four continua were tested: two continua manipulating place of articulation and two continua manipulating handshape. The stimuli were movies that were 1 sec long, followed by a 1-sec visual mask of moving random lines. Participants completed both a labeling (identification) and an ABX discrimination task (ABX refers to the actual stimuli that are presented during the task; A and B are always different from each other, and the participant has to decide whether X is the same as A or B).
The results of this study indicated that participants could label the stimuli that varied by handshape or place of articulation as belonging consistently to one category or another. Categorical perception was not found for any of the contrasts tested, however, since the participants were equally good at discriminating stimulus pairs both within and across the category boundary. Two possible explanations exist for these results. First, there may have been problems with the methodology: (1) The movies may have provided the participants with too many visual landmarks, since all of the signs were articulated on the face (i.e., the participants may have been measuring distances between the handshapes and the locations in relation to the signer's face); (2) the visual masks in between the trials may have been too simple to wipe out visual af-tereffects of the signs; (3) the visual mask presentation may have been too short (1 sec) to degrade the visual aftereffects of the signs; and (4) only 4 participants were tested, which may have led to a lack of statistical power.
Second, it is possible that CP does not exist in ASL. Although CP does exist for spoken language, it is not necessarily characteristic of all language perception (e.g., vowels). This second explanation seems implausible, however, on the basis of the findings from CP experiments with colors and faces. It does not seem possible that both linguistic and nonlinguistic auditory stimuli and also nonlinguistic visual stimuli would exhibit CP but that linguistic visual stimuli would not. If CP is guided by general perceptual abilities, those same perceptual processes used to process nonlinguistic visual stimuli should be involved in the processing of visual stimuli that also happen to be linguistic.
More recently, Emmorey, McCullough, and Brentari (2003) did find CP effects for native deaf signers for phonologically contrastive hand configurations. 2 Six continua were created over the course of two experiments. 3 For each continuum, 11 still images were generated, depicting equally spaced steps along a continuum between two hand configurations or two places of articulation. The endpoint stimulus items for each continuum were entered into a computerized morphing program, and the computer morphed the intermediate handshape variants from one category to another. Each of the handshape variants for the continua was presented at body locations where the actual lexical signs occur. Native signing and nonsigning participants completed a binary forced choice identification task and an ABX discrimination task.
The results from the identification task indicated that both the signers and the nonsigners could reliably identify the hand configuration (regardless of phonological status) and the place of articulation stimuli as belonging to two distinct categories. The results from the discrimination task, however, showed that only the signers demonstrated CP, and only for the phonologically contrastive hand configuration continua. Neither group exhibited CP for the place of articulation continua. These results suggest that deaf signers have developed special abilities for perceiving distinctions that are relevant to signed language. In addition, the fact that only deaf signers exhibited CP effects for contrastive ASL hand configurations suggests that "although humans may have special perceptual mechanisms for recognizing the human hand which allow for categorization, language experience plays an important role in the discrimination of hand configurations" (Emmorey et al., 2003, pp. 40-41) .
The results of Emmorey et al.'s (2003) study are important because they establish CP with certain contrasts in a signed language. Given the conflicting results between Supalla and Newport (1975) and Emmorey et al., however, it remains unclear whether CP for handshape in ASL is a robust phenomenon, occurring across different types of stimuli (e.g., natural and/or synthetic) and multiple contrasts. The primary goal of the present study was to understand whether CP of linguistic stimuli is mediated by experience and whether this experience may be linguistic or perceptual.
To address the linguistic versus perceptual question, we asked whether CP effects exist for those handshapes that are contrastive (phonemic, distinctive) in ASL. We chose to focus solely on handshapes, due to a lack of CP effects for other types of linguistic contrasts in ASL (e.g., place of articulation; see Emmorey et al., 2003 , for a discussion about CP and place of articulation). We hypothesized that if the processing for CP of linguistic stimuli is perceptual general (in this case, visual), both groups (signers and nonsigners) should exhibit CP for all of the handshapes. Alternatively, if the processing for CP of linguistic stimuli is mediated by linguistic experience, we hypothesized that only those people who have exposure to a signed language (signers) should exhibit CP for the handshapes.
How can we know whether a stimulus set is processed categorically? Is identifying stimuli as belonging to two separate groups enough? No, because identification indicates only that the participants can sort the stimuli into two groups but does not tell one whether they are sorting on the basis of a temporary representation of the perceptual properties of the stimuli (acoustic or visual) or making specific comparisons with stored representations of the categories along which the stimuli cohere (phonemic). Only discrimination can shed light on the nature of the representation. Thus, we used both the standard forced choice identification and the AX discrimination tasks to assess CP for the sign continua. The methodological innovation for this experiment in the data analysis of the present study is twofold. (1) Individual participant boundaries were calculated (as opposed to previous studies that averaged across all of the participants in a group) and were used as the basis for choosing the stimulus items for the discrimination task. This method ensured that each participant was tested on his or her own category boundary, in order to prevent discrimination abilities from being enhanced or diminished. 4 (2) Discrimination abilities for within-and across-category judgments were calculated using signal detection theory (SDT; Green & Swets, 1966) , which has been modified to apply to situations in which participants are being asked to detect a difference between two signals (Macmillan & Creelman, 1991) , as is the case for the discrimination task in this study. SDT was chosen over the method that simply calculates the percentage of times that a participant correctly responds "same" or correctly responds "different" for each pair of stimulus items, since there is a serious weakness with this averaging approach. 5 It would be possible for a participant to score 100% accuracy in detecting pairs that are different simply by answering "different" on all of the trials (the participant would then, of course, also score 0% accuracy on detecting pairs that are the same). To avoid having such a strong response bias, SDT was chosen in order to assign credit to only those situations in which the participants successfully distinguished among the different types of trials.
There were four possible SDT response outcomes for the discrimination task: (1) correct rejection of a difference, in which the participant correctly responded that there was no difference between the stimuli; (2) false alarm, in which the participant incorrectly responded that the stimuli were different; (3) miss, in which the participant responded that the stimuli were similar when they were different; and (4) hit, in which the participant correctly detected the difference between the stimuli. Then d′ values were calculated for each participant, which included only the instances in which a participant correctly detected a difference in a stimulus pair (hits), rather than averaging across all of the instances (correct or incorrect) for a given participant. Note that for both the within-and the across-category judgments, a hit is defined as a different judgment, since the stimuli are, in fact, physically different from each other.
METHOD Participants
The participants were 15 prelingually deaf adults who were native ASL signers (ASL group) and 15 hearing adults (English group) who had had no exposure to a signed language. All the deaf participants reported ASL as their primary and preferred language.
Stimuli and Procedure
Three phonemic handshape contrast pairs were used: . 6 The important implication for language processing and CP is that only phonemic distinctions produce CP effects. Thus, a given sound or handshape must appear in the set of phones for a language (i.e., the set of all possible sounds or handshapes for a particular language), and it must also be a part of the phonemic inventory (i.e., the set of sounds or handshapes used for lexical contrast) in order to be considered contrastive in a language (Brentari, 1995 (Brentari, , 1998 Corina & Sandler, 1993; Sandler, 1986 Sandler, , 1996 van der Hulst, 1995) . We hypothesized that the adult deaf signers, unlike the hearing nonsigners, would have CP for these contrastive handshapes.
In order to create the visual homologue to classic spoken language perception experiments (e.g., Liberman, 1957) , each handshape from the contrast pair became the endpoint of an 11-step continuum, depicting equally spaced steps between the two endpoints ( Figure 1 ). 7 The handshapes and their variants were articulated by a native deaf adult female signer standing against a black background and were digitally recorded. The head, torso, arm, and hand of the signer were visible, so as to anchor the hand to a body. Each handshape variant began with the handshape oriented so that the palm faced out toward the camera, and then the handshape was flipped so that the palm was toward the signer (see Figure 2 ). This movement occurred at a rate of 1.5 Hz, or approximately one movement per second, since this had been shown to be the optimal rate of presentation for sign language processing (Petitto, Holowka, Sergio, & Ostry, 2001) . The videos were also sampled at a rate of 29.7 frames/sec, consistent with previous research standards (Petitto et al., 2000) . Although the handshapes were chosen from existing phonetic categories in ASL, the stimuli were meaningless phonetic units, analogous to [ba] and [pa] used for speech perception research. Thus, the signers could not use semantic information for any of their identification or discrimination judgments.
The stimuli were 4 ϫ 4 in. and were presented on a laptop computer with a 14-in. monitor, using PsyScope software (Cohen, MacWhinney, Flatt, & Provost, 1993) . All the participants performed two tasks: a forced choice identification task and an AX discrimination task.
Identification task. The three handshape continua tested were grouped into a block, and three blocks were presented. Each block consisted of three repetitions of each continuum, so that each handshape variant in a particular continuum was identified nine times by each participant across the entire experiment. The order of presentation of the continua within a block and of the trials within a continuum was also randomized across participants.
At the start of the identification task for a continuum, each participant was shown the two handshape endpoints side by side for 6 sec. The endpoint images were available to the participants only at the beginning of a given continuum, and not during the actual identification trials. For each identification trial, the participants were presented with a single handshape randomly selected from the 11 variants and were asked to decide which one of the endpoints (the one on the left or the one on the right) the current handshape more closely resembled. The participants pressed designated keys on the keyboard to indicate their response.
Discrimination task. We used the standard AX discrimination task that has been used in the field of speech perception (i.e., a stimulus item is presented, followed by an interstimulus interval [ISI] , and then a second stimulus item is presented; the participant's task is to decide whether the second stimulus item is the same as the first [A] or different from the first [X] ). The same stimuli from the identification task were used here. The discrimination pairs were set around the actual boundary range for each individual participant, and not the average range across all the participants. Because the participants placed their boundary in approximately the same place (see Appendix A for a full listing of participant boundary placements by continuum), a small number of pairs from both sides of the boundary could be selected to encompass each participant's boundary. One of the pairs straddled the boundary for a given participant, and the three remaining pairs would fall from within the same category. For example, if a participant's boundary was located at 4.5, the pairs 2/4, 5/7, and 7/9 were all within-category judgments, whereas the 4/6 pair was the across-category judgment. In addition, for each handshape that was a member of a nonidentical pair, an identical pair was also created for that handshape. Table 1 provides the specific pairings for each continuum.
Each pair of physically different stimuli was presented 10 times (5 times for each ordering), whereas the physically identical pairs were presented 5 times each. Each handshape was presented for 1,500 msec, with an ISI of 2,500 msec and an intertrial interval of 1,000 msec. In order to decrease the chance that the participants were measuring the distances between the handshapes, each handshape appeared in a different location on the computer monitor, and the presentation of the handshape pairs was randomized across all of the contrasts. The participants pressed designated keys on the keyboard to indicate whether the second handshape was the same as or different from the first handshape.
RESULTS
For all three continua tested, both the ASL and the English groups identified the stimuli as belonging to distinct categories, with a sharp boundary between them ( Figures 3A-3C ). In addition, the boundaries between the categories were the same for both groups. Thus, both groups had the potential to perceive the handshapes categorically. However, since identification could occur through a perceptual sorting process, these data alone cannot be used to argue for CP effects (Damper & Harnad, 2000; Massaro, 1987) . By contrast, the process of discriminating between two stimulus items requires the existence of linguistic categories against which the stimuli are being compared.
For discrimination, the results indicate that only the ASL group had CP for the handshapes. The critical research question involving CP was whether there are differences in discrimination for those contrast pairs that are from within the same category, versus those contrast pairs that are from across a category boundary. If CP exists, discrimination must be heightened when pairs are from across a category boundary. In order to assess the participants' detection of differences between the stimuli, two sets of analyses were conducted. In the first analysis, SDT (Green & Swets, 1966) was used, and d′ scores were calculated for each participant, one for withincategory pairs and one for across-category pairs (Macmillan & Creelman, 1991) . This was the most straightforward way of looking at whether or not CP effects were observed, since the average of the across-category pairs should be higher than the average of the within-category pairs if participants have CP for the handshape contrasts. In the second analysis, SDT was also used, but this time d ′ scores were calculated for each participant for each handshape pair from a continuum, to ensure that any CP effects that were observed were not due to certain pairs or ends of a given continuum having enhanced or diminished discrimination.
Within-Category Versus Across-Category Analysis
We conducted a 3 ϫ 2 ϫ 2 mixed analysis of variance
) and category membership (within or across) as the within-subjects factors and group as the between-subjects factor. This analysis (using an alpha level of .05) revealed no main effect for group [F(1,28) ϭ 0.173, MS e ϭ 0.146, p Ͼ .680, n.s.], which indicated that the participants in both groups were performing comparably in all of the conditions. This indicated that the nature of the task was not inherently more difficult (or easier) for one group than for another, which was expected. There were main effects for handshape contrast [F(2,56) 
Individual Pairs Analysis
Despite the fact that the within-category values were significantly lower than the across-category values for the ASL group, it could be the case that the effect was being caused by certain pairs being more or less discriminable than others across a given continuum. It is also possible that not all of the pairs were equally discriminable for the English group, despite the fact that there were no statistically significant differences between the within-and the across-category judgments, since several pairs were averaged together for the withincategory judgment. .002]. Thus, on the basis of the two-way interactions for both groups, the pairs were not equally discriminable across a given handshape contrast continuum, and the participants had differential performance across the continua. Table 3 lists the means, standard errors, and the 95% confidence intervals for the ASL and English groups.
Planned comparisons (α ϭ .01) were conducted separately by group on each of the pairs from a contrast continuum, in order to determine which of the pairs across a continuum were significantly different from each other. Specifically, if CP effects were present, it was expected that the within-category pairs would not be significantly different from each other, whereas the between-category pairs would be significantly different from their corresponding within-category pairs (e.g., 4/6 would be significantly different from 2/4, and 5/7 would be significantly different from 7/9, whereas 2/4 and 7/9 would not be significantly different from each other). and 5B]. The within-category handshape pairs had equivalent discrimination values, whereas both of the between-category handshape pairs had significantly higher discrimination values than did the corresponding within-category handshape pairs. This type of differen- tial discrimination is expected with CP: Pairs that straddle a category boundary should be easier to discriminate than those that are from within the same category. 
DISCUSSION
In the present experiment, we applied a method widely used in the field of speech perception, signal detection analysis, to investigate whether ASL has CP and whether these effects are mediated by linguistic experience. Although the ASL and the English participants divided the handshapes into two separate groups in the identification task, this was not surprising. This finding is consistent with previous research from Lane, Boyes-Braem, and Bellugi (1976) , who found that both deaf signers (native and nonnative) and hearing nonsigners made the same types of visual confusions among the handshapes, suggesting that linguistic experience does not affect the ability to detect visual features involved in identifying handshapes. The present finding is also consistent with the results of Emmorey et al. (2003) , where all of the participants could divide up the continua for hand configuration and place of articulation, and in approximately the same place along the continuum. Visual perception of handshapes, therefore, most likely guides this process of identification.
Because discrimination is the field's yardstick for attributions of CP, the results from the discrimination task bar] contrasts. Furthermore, these CP effects were due to all of the within-category pairs being discriminated less well than the across-category pairs, so it was not the case that the CP effects were from only one end of the continuum or from certain handshape pairs along a continuum. The lack of CP effects for these handshape contrasts with nonsigners indicates that the enhanced discrimination at the category boundary for the deaf signers was not due solely to general properties of visual discrimination and perception. This pattern of results also corroborates and extends the findings of Emmorey et al. (2003) involving, specifically, their use of phonemic hand configurations.
The lack of CP effects by the deaf signers for the [5]-[S] contrast pair was initially puzzling. However, closer inspection of this continuum (and an astute observation by a reviewer) revealed that there was a third phoneme category at the midpoint of the continuum, referred to as [hooked-5] . It was evident from the identification responses for the ASL group that they were noticing this intermediate category, since Variants 5 and 6 were identified as [5] roughly half of the time, indicating that they were guessing between the two extremes of [5] and [S] , since neither was the correct choice. In addition, since the across-category stimuli for this continuum were most likely from within a new category ( [hooked-5] ), it fol- lows that the detection of these items was not enhanced, as compared with the stimuli that were designated as the within-category stimuli. For the individual pair analysis for this continuum, the discrimination scores were consistently high across the continuum and did not decrease significantly until the end of the continuum near [S] . This behavior is in accordance with the presence of a third category and lends support to the argument that the signers were using linguistic knowledge, rather than purely visual or perceptual knowledge, for this task: If linguistic experience were of no consequence for CP, the extra phonemic category should not have affected the discrimination abilities of the ASL participants for this continuum.
There are several alternative interpretations for these results. The first is that although finding CP with the signers, but not with the nonsigners, does indicate an effect of experience, the type of experience may have been perceptual experience, rather than linguistic experience. We would argue, however, that the perceptual experience of using a language (receptively and/or expressively) involves a pairing between form and meaning, which is exactly what constitutes linguistic experience with a language. Teasing apart perceptual from linguistic processing remains an open topic for future research. What is clear, however, is that CP involves a unique interplay of linguistic and perceptual systems.
The second alternative is that although there was a difference in performance between the ASL and the English groups, this difference was a result of the ASL group's having visual expertise with the handshapes, and the difference was, therefore, one of familiarity. If visual expertise was guiding discrimination, the ASL group's performance should have been significantly better than the English group's performance for all of these contrasts as well, since the English group had no expertise in looking at the fine distinctions required for the handshapes. However, this was not what occurred for the discrimination task. The English group had very high performance at detecting the handshapes for all of the contrasts. Furthermore, the ASL group's performance was constrained by linguistic category membership: There was a sharp increase in their detection abilities for those pairs that cross a category boundary for the contrastive handshapes The third alternative interpretation is that perhaps this differential performance between the two groups was simply due to well-learned categories exerting their influence on discrimination, and these categories need not have been linguistic in nature. Thus, signers simply have categories for this kind of perceptual input, and nonsigners do not. Although a label-learning hypothesis could potentially account for the present results, the results from several lines of research argue against this explanation. First, it has been demonstrated that certain animals and human infants categorically discriminate phonetic contrasts from speech (Dooling et al., 1995; Eimas et al., 1971; Jusczyk, 1997; Kluender et al., 1987; Kuhl, 1981 Kuhl, , 1987 Kuhl & Miller, 1975 Kuhl & Padden, 1982 Ramus et al., 2000) . Since neither animals nor human infants have relevant experience with the speech contrasts on which they are being tested, it is not possible that they have learned category labels for these contrasts.
Second, there is behavioral evidence from Baker, Golinkoff, and Petitto (2005) that 4-month-old hearing (speech-exposed) infants, who have no exposure to a signed language, can categorically discriminate phonetic handshape units in ASL. The infants also have no relevant experience with the handshape contrasts, which were a subset of the stimuli used in the present study, and thus cannot be using category labels for discrimination.
Third, more recent research on CP with color (Laws et al., 1995; Özgen & Davies, 2002; Pilling et al., 2003; Roberson et al., 2000) indicates that CP for color is linguistically relevant, since CP effects were found for speakers only at the boundaries of their existing linguistic categories. Thus, the possession of linguistic categories, rather than the possession of perceptual category labels, facilitates recognition and influences perceptual judgments in a visual domain. The results from the present study with ASL, a visual language, parallel the color CP results and support an explanation of CP that is based on linguistic experience. For these reasons, we believe that a label-learning hypothesis does not explain the effects of language experience found in the present study.
A remaining topic regarding CP is how to reconcile the view that CP for language is mediated by linguistic experience (rather than being mediated solely by perception) with previous findings showing CP effects for language in animals, as well as CP for areas outside of language in humans. It thus is possible that common neural substrates that are rooted in general perception underlie CP. However, if this were so, we would remain puzzled by the following two observations concerning CP for language. First, we know that CP effects for language are contingent upon the experience that the organism receives; for example, a native adult speaker of Japanese does not exhibit CP for linguistic contrasts that are not found in the native language (Miyawaki et al., 1975) . Second, CP for language exhibits universal developmental shifts in the perception of speech contrasts (see Jusczyk, 1997 , for a review). However, for other types of CP in humans (e.g., that for faces and tones), as well as for CP for speech in animals, CP effects are not mediated by experience in the same way, since there is no developmental shift in the perception of these stimuli. Instead, linguistic CP appears to be more fragile, in the sense that the continuance of linguistic CP requires experience with the specific linguistic contrasts being tested. Whether or not CP for linguistic and nonlinguistic phenomena have an underlying neural similarity, however, is an exciting topic for future research.
In sum, we are encouraged by the results of the present study and argue that they provide a new perspective on the status of linguistic experience for CP effects, challenging the view that CP effects are the result of solely perceptual processing. Deaf signers appear to develop specialized abilities for perceiving handshapes in signed language, just as speakers do for perceiving speech. These results suggest that CP for language emerges naturally as a part of language processing, regardless of language modality, and that CP for language is mediated by linguistic experience.
(1) location, or where the hand is located in relation to the body (e.g., head, chin, nose, or chest); (2) movement, or how the hand moves in space (e.g., circle, arc, or wiggle fingers); (3) handshape, the actual form of the hand itself (e.g., 5, A, or G); and (4) orientation, the direction the palm of the hand is facing in relation to the body (e.g., palm facing body, palm to side, or palm out) (Battison, 1978; Stokoe, 1960; Stokoe, Casterline, & Cronenberg, 1965) . These four components combine simultaneously in order to produce a sign that has meaning. The components are regarded as separate, despite their simultaneous combination, since as in oral language, there are minimal pairs in the language that differ by only one component (see Brentari, 1995 , for examples of minimal pairs). It should also be noted that although any of these parameters could be subjected to CP analyses, only location and handshape have been studied thus far, and CP effects have been found only for handshape.
2. Hand configuration is the terminology used by Emmorey et al. (2003) . Handshape is the terminology used in this article; although handshape is most commonly employed, both terms can be found in the literature. Crucially, both terms refer to the identical level of language organization (phonetic/phonological); in particular, both terms make reference to the specific phonetic form of the hand in a sign.
3. The specific stimuli that Emmorey et al. (2003) used consisted of the following: two phonemic hand configuration continua (i.e., the hand configurations serve to provide a difference in meaning, as in a minimal pair), one from the sign for PLEASE to the sign for SORRY and the other from the sign for MOTHER to the sign for POSH; one allophonic handshape continuum (i.e., the hand configurations do not serve to provide a difference in meaning), from open-N to closed-N in the sign for SAY-NO-TO; two phonemic place of articulation continua, one from the sign for ONION to the sign for APPLE, and the other from the sign for YES-TERDAY to the sign for HANGOVER; and one allophonic place of articulation continuum, from the chin to the back jaw in the sign for DEAF. 4. This method of using individual participant boundaries to set the discrimination pairs was chosen solely to ensure the most accurate discrimination scores. There is no way to decide a priori where an individual will set the boundary for a given continuum or that all participants will set the boundary in exactly the same place. In addition, there were no assumptions made about the type of underlying categorical representations that the participants would be using for this task, since there has been some discussion in the literature about the identification task and whether participants are accessing a representation for the stimulus that is based on perceptual features or one that is based on category membership (Damper & Harnad, 2000; Massaro, 1987) . It is equally possible that both groups were sorting on the basis of perceptual representations or that the English group was sorting on the basis of perceptual representations and the ASL group was sorting on the basis of categorical representations, since these handshapes are from linguistic phonetic categories present in their native language.
5. A notable difference between the present study and Emmorey et al.'s (2003) study is the type of data analysis employed, whereby they used an averaging approach. In the averaging technique used, Emmorey et al. analyzed the labeling (identification) data by identifying the category boundary as those images that had labeling percentages between 33% and 66%. The discrimination data were analyzed by taking the mean accuracy for the pair of images located at the category boundary and comparing that with the mean accuracy for all of the other pairs of images combined. In addition, an analysis of the response variability for participant discrimination of the hand configurations was conducted, using Levene's test of homogeneity of variance. These analysis methods were employed so that Emmorey et al.'s results could be compared with those in existing studies of visual CP, notably leaving absent any comparisons with adult speech CP.
6. It should be noted that the [B-bar]-[A-bar] continuum was the same phonemic handshape continuum used by Emmorey et al. (2003) , whereas the [5]-[flat-0] and [5]-[S] continua were unique to the present study. In addition, in the present study, the handshapes were presented in neutral space in order to avoid the participants' accessing lexical semantic (meaningful) information (as opposed to Emmorey et al.'s study, in which the handshapes were presented over the actual body locations of the signs). The present study also employed more natural moving handshapes (as opposed to the static handshapes used by Emmorey et al.).
7. Following standard phonetic continua that consist of 2 endpoints and 9 intermediate variants (e.g., Emmorey et al., 2003) , we also constructed an 11-step continuum for each of the handshape contrasts. To ensure that the variants along the continuum were equidistant, we conducted a three-phase pilot test on 5 adult signers. In Phase 1, we identified the endpoint handshapes of each continuum by taking anatomical measurements from the base of the palm to the tips of each finger for each participant. We then calculated the total distance between the endpoints and divided that distance equally among the 9 intermediate variants (the range across all participants and handshape continua was between 1.0 and 1.2 cm). Finally, these measurements were mapped onto a template that the participants used as the guide for their handshape variant production in Phase 2. In Phase 2, the signers used the template to form each of the 11 variants, which were videotaped, and then each individual variant was made into a still image. In Phase 3, the signers made the natural movement of starting with the fully open endpoint and then closing the hand to the fully closed endpoint in one continuous motion, at normal speed and also in slow motion (22-24 sec, and 1 min 7 sec to 1 min 11 sec, respectively). To ensure a standard interval that would produce a predictable handshape change, the total time for each of the speeds of movement was calculated and then divided by 11 (1-2 frames and 4-5 frames, respectively). Still images were made for each variant by advancing through the continuous motion clip at the given frame range. These images were then compared with the template still images, to be sure that the variants were the same across the continuum for all three handshape continua and across all 5 signers.
8. Note that due to variable boundary placement by the participants, the two central pairs are elevated in relation to the remaining end pairs, rather than having one peak pair for the continuum that is the acrosscategory pair. [5-S] Participant (2-4) (4-6) (5-7) (7-9) (2-4) (4-6) (5-7) (7-9) (2-4) (4-6) (6-8) (8-10) (Manuscript received July 3, 2003; revision accepted for publication August 24, 2004.) 
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